Extended Methods
TM water were combined and 0.07 mL of 0.078 M ascorbic acid (Sigma-Aldrich) added to reduce Au 3+ to Au + . 0.012 mL of the as-synthesized seeds were added to this solution and reacted for 120 minutes to form the final nanorod product.
It should be noted that in order to obtain sufficient sample with concentrations appropriate for XAFS measurements (micromolar concentrations of the element of interest within the nanopartices), the aforementioned synthesis volumes were scaled up as appropriate to a final reaction solution volume of up to 1 L. In order to quench the reaction, halting growth at timepoints prior to reaction completion, 100 mM bis(psulfonatophenyl)phenylphosphine (BSPP, Sigma Aldrich) was added to the nanorod growth solution to a final concentration of 2 mM. For ex-situ STEM measurements, nanorod were concentrated via high-speed centrifugation (21130 g) to form a pellet and re-suspended in 100 µL NANOpure TM water. For X-ray measurements, nanorods were concentrated to micromolar concentrations of Ag or Au atoms and washed several times with NANOpure TM water to remove excess reactant from solution. This ensured that Electronic Supplementary Material (ESI) for Nanoscale. This journal is © The Royal Society of Chemistry 2019
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global average X-ray measurements were representative of the Ag and Au atoms within the nanoparticles rather than any excess which may remain in the growth solution.
STEM Size Analysis
Nanoparticle size was determined by a statistical analysis of TEM images using the ImageJ particle counter software. At least 100 particles were analyzed per timepoint aliquot in order to ensure a statistically meaningful sample population.
Nanorod length and diameter were measured at the center of the tips and sides, respectively. Samples were contained in 3 mm (nominal, Charles Supper) inner diameter cylindrical quartz capillaries placed such that the capillary long axis was at a 45° angle with the detector normal and the incident x-ray beam. The XRF photons were collected in the horizontal plane with the detector at ~ 90° relative to the incident beam direction to minimize the intensity due to elastically and inelastically scattered X-rays. XRF data was collected at an incident energy of 26.014 keV using a four-element Vortex ME-4 silicon drift diode detector. Figure S1 shows a sample XRF spectrum. Quantitative analysis of the Au and Ag relative atomic percentages were conducted using areas under the Ag Kα (22.163 keV)
X-Ray Fluorescence
and Au Lα (9.705 keV) fluorescence lines, with peaks fit to a Gaussian function after background subtraction. Elemental XRF cross sections, 2 detector efficiency, and attenuation due to solvent media were taken into account in determining the Ag/Au ratio.
(Note that self-absorption by the metal NPs could be neglected due to their low M atomic concentrations in the solvent.) The beam size was 0.4 mm (vertical) x 5 mm (horizontal).
Therefore, for attenuation correction for Ag K and Au L X-rays coming from the 2 or 3 S3 mm diameter cylinder of water, we neglected the vertical beam size. The path lengths and attenuation corrections for fluorescence X-rays were calculated by dividing the horizontal illuminated 14 -21 mm 2 area into 121 differential emission elements arranged on a 2D lattice. The corrected intensities yielded the same atomic fraction for Au when Au Lα, Au Lβ or Au Lγ fluorescence lines were used, validating this correction procedure. Figure S1 . Sample X-Ray fluorescence spectrum. A sample XRF spectrum of the 12 minute nanorod aliquot is shown. The atomic % Ag and Au within the nanorods were determined from the corrected areas under the Au L alpha and Ag K alpha fluorescence lines (labeled). Lines other than the expected Au fluorescence lines between 10 and 15 keV are from Br present due to solution CTAB.
X-Ray Scattering
Small angle X-ray scattering (SAXS) measurements were performed using 10.00 keV X-rays at beamline 5ID-D of the Advanced Photon Source (APS) at the Argonne National Laboratory. The aqueous nanoparticle dispersions were placed in a quartz capillary tube (inner diameter ~ 1.5 mm). To avoid radiation damage, the sample was S4 translated in the beam to 5 nonoverlapping positions, from which the scattering patterns were averaged together. Furthermore, a fast shutter was used such that the samples were exposed to X-rays only for the data collection periods. The X-ray spot size at the sample position was ~ 0.25 mm (H) × 0.25 mm (V). The incident flux was ~ 10 12 photons/s.
The scattered intensity was collected using a Rayonix CCD area detector, which was placed at 7502.0 mm (range: q = 0.015 -0.9 nm -1 ) from the sample, where q = 4sin
is the scattering vector magnitude defined by scattering angle, 2 and wavelength, .
The flight path between the sample and detector was under vacuum.
For each nanoparticle sample, five 0.5 sec SAXS patterns were collected at each of the five spots. To account for fluctuations in the incident beam intensity and changes in the absorption of X-rays for different samples, the incident and the transmitted beam intensities were monitored using an ion chamber just before the sample and a pin diode embedded in the beam stop just in front of the SAXS detector. Transmission, detector solid angle and X-ray polarization corrections were applied to measured intensities before performing the azimuthal integration for extracting the 1D intensity profiles ( figure S6 ).
X-Ray Absorption Fine Structure
XAFS spectra at the Au L3 edge and Ag K edge (11.919 keV and 25.514 keV) were collected at MR-CAT sector 10BM-B of the APS. Energy scans were taken over a range from -150 eV to 600 eV with respect to the absorption edge using a Si (111) monochromator. XAFS spectra were collected in fluorescence mode using a four-element spectra/scan were averaged. Self-absorption was not a concern in the measurement, because of the low concentration of the element of interest (Au or Ag).
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XAFS data was processed using ATHENA and ARTEMIS software, part of the IFEFFIT package. 3 Theoretical crystals structures were imported and converted to scattering pathways using ATOMS. 4 Absorption edge energy was determined from the maximum of the first derivative in the absorption data and the background was subtracted using the AUTOBK algorithm. 5 The EXAFS region (greater than 100 eV above the absorption edge) 6 was normalized and a k-weight of 2 was chosen in order to provide an even spectrum throughout the region of interest (2 -12 Å -1 ). EXAFS spectra were modeled according to the EXAFS equation, a simplified version of which is: 6, 7, 8, 9 ( ) = ∑ [
Where Γ is the summation over the individual scattering pathways included in the model, k is the photoelectron wavevector, FΓ(k) is the scattering amplitude, λ(k) is the mean free path of inelastically-scattered photoelectrons and Φ(k) is the phase shift, which is calculated as a function of the absorbing and scattering atom using the ARTEMIS software. S0 2 , the amplitude reduction factor, was set to the value extracted from fitting a bulk Au or Ag foil as applicable. This enables a more accurate determination of the coordination number. 8 Degeneracy (NΓ), half-path length (RΓ), energy shift parameter (E0), and mean-squared disorder (σΓ 2 ), which includes contributions from structural and thermal disorder (Debye-Waller factor), 6 were adjusted to determine the best fit model.
Fits with values for these variables outside the realm of physical reasonability (e.g.
negative mean-squared disorder) were rejected. ΔE0 was fixed to a single variable for all pathways with the same absorbing and scattering element in order to limit the number of variables, as ΔE0 values should be nearly equal for similar bonds within the structure. 10 Goodness of fit parameters for the models were evaluated using minimization of the statistical R-factor parameter and error bars for individual parameters were estimated to one sigma (~ 68% confidence level) from the R-space spectrum. Spectra were fit first in k-space, then evaluated in R-space and q-space, in order to ensure that the best fit to the raw data in k-space was translatable to the other fitting spaces. Individual fitting models and a summary of both fitting and goodness of fit parameters are included in figure S12.
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Sample Calculations
Calculation of Nanorod Growth Rates
Nanorod dimensions were determined from STEM analysis and are listed in 
Length growth rate = 3.4
.
Calculation of Total Number of Ag Atoms per Nanorod
The total number of Ag atoms per nanorod (NAg) was calculated using nanorod Note that Ag surface coverage Ag is the fraction of nanorod surface atoms that are Ag.
Whereas, xAg is the fraction of Ag atoms in the nanorod that are on the nanorod surface.
Calculation of {110} Ag surface coverage
Ag {110} surface coverage (Ag) was calculated from xAg the fraction of Ag in the nanorods that is on the surface (see above calculation), the total number of Ag atoms in the nanorods (NAg, see above calculation) and the total number of atoms (Ag and Au) on the nanorod {110} surfaces (Ntotal,{110}) assumed as number of atoms on surface area of the sides of the nanorods, since the sides of the rods have been found to be {110}). 11 Ntotal,{110}
was calculated from the area of the side faces of the nanorods (A{110)) and the number density of atoms for the {110} plane (110). For FCC Au, which has a lattice parameter of 0.408 nm, 110 = 8.501 nm -2 Ntotal,{110} = (A{110}* 110) (S5) Table S1 . Dimensions determined from STEM analysis. Length and width determined from statistical analysis of STEM images and the determined aspect ratio of the nanorods for aliquots taken as a function of reaction time from 8 to 120 minutes.
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Nanorod Dimension Evolution Figure S3 . Nanorod volume growth rate. Volume growth rate as determined from STEM dimensions as a function of reaction time. Figure S4 . Nanorod aspect ratio. Nanorod aspect ratio as determined from STEM dimensions as a function of reaction time. Figure S5 . UV-vis spectra for nanorods synthesized in-situ and quenched with BSPP. To confirm that BSPP quenching does not affect the nanorod structure, UV-vis spectra were collected during the same synthesis reaction in-situ (left) and quenched with BSPP (right) at varying timepoints throughout the course of the synthesis reaction. It is observed that the spectral trends remain the same for the BSPP-quenched as for the insitu samples, indicating that the nanorod morphology is unaffected by quenching with BSPP. The slight blue-shift observed for the BSPP-quenched samples compared to insitu samples of the same timepoint is uniform throughout the reaction and expected due to the sensitivity of UV-vis signatures to the surrounding dielectric environment. Figure S7 . Nanorod XANES spectra. From the near edge region of the XAFS spectra, in comparison to Ag + and Ag 0 standards it was determined that the Ag in the final product nanorods (green) is Ag 0 . The XANES spectrum of the 8 minute nanorods (orange), when most of the Ag is on the nanorod surface, is identical to that of the final product nanorods. This indicates that Ag is in the Ag 0 state throughout the course of the reaction, even when Ag resides on the nanorod surface. This is in agreement with what is expected for Ag UPD. 11, 16 S16 Figure S8 . Exponential decay fit to data for Ag surface coverage vs. time. The displayed equation determined from the fit was used to obtain Ag surface coverage values at the mid-points for nanorod growth rate value determination, such that the Ag surface coverage and nanorod growth rates could be plotted together in Fig. 8 . Figure S9 . EXAFS k-space spectra of final product nanorods and final product nanorods overgrown with an Au shell. The k-space Ag K-edge EXAFS spectra of assynthesized nanorods (black) and these same nanorods overgrown with an Au shell (teal) are identical. The overgrowth should encapsulate any surface Ag. If Ag were on the surface of the final product nanorods, differences between these two spectra should be apparent, due to differences in the coordination environment. If the Ag is already incorporated into the nanorod interior, however, the two spectra should be identical, which is the observed result. Figure S12.6 Ag K edge EXAFS spectrum and fitting model for 25 minute nanorod aliquot. The Ag K-edge nanoparticle spectrum was fit using first coordination-shell atomic pathways. A fitting range from 1.5 to 4 Å and a k-range from 2 to 10 Å -1 was used. The R-factor parameter associated with the goodness of fit for this model was 0.038.
Evaluation of BSPP as an exchange ligand
XANES Results
XAFS-derived Results
Ag-Ag (shell 1) 1.5 ± 0.3 2.85 ± 0.02 -6.4 ± 3.9 7.3 ± 2.9 Ag-Au (shell 1) 9.3 ± 1.6 2.87 ± 0.01 0.8 ± 0.7 14.0 ± 3.0
Figure S12.7 Ag K edge EXAFS spectrum and fitting model for 30 minute nanorod aliquot. The Ag K-edge nanoparticle spectrum was fit using first coordination-shell atomic pathways. A fitting range from 1.5 to 4 Å and a k-range from 2 to 10 Å -1 was used. The R-factor parameter associated with the goodness of fit for this model was 0.047.
Ag-Ag (shell 1) 1.3 ± 0.3 2.82 ± 0.02 -8.9 ± 3.5 7.3 ± 1.6 Ag-Au (shell 1) 10.2 ± 1.5 2.87 ± 0.01 -1.3 ± 0.7 14.1 ± 2.8
Figure S12.8 Ag K edge EXAFS spectrum and fitting model for 45 minute nanorod aliquot. The Ag K-edge nanoparticle spectrum was fit using first coordination-shell atomic pathways. A fitting range from 1.5 to 4 Å and a k-range from 2 to 10 Å -1 was used. The R-factor parameter associated with the goodness of fit for this model was 0.048. Figure S12.9 Ag K edge EXAFS spectrum and fitting model for 120 minute final nanorod product. The Ag K-edge nanoparticle spectrum was fit using first coordinationshell atomic pathways. A fitting range from 1.5 to 4 Å and a k-range from 2 to 10 Å -1 was used. The R-factor parameter associated with the goodness of fit for this model was 0.1. Figure S12.14 Au K edge EXAFS spectrum and fitting model for 16 minute nanorod aliquot. The Au K-edge nanoparticle spectrum was fit using first coordination-shell atomic pathways. A fitting range from 1.5 to 4 Å and a k-range from 2 to 12 Å -1 was used. The R-factor parameter associated with the goodness of fit for this model was 0.018. Au-Au (shell 1) 12.0 ± 1.3 2.857 ± 0.004 4.6 ± 0.5 6.8 ± 0.7 Figure S12 .19 Au L3 edge EXAFS spectrum and fitting model for final product 120 minute nanorods. The Au L3-edge nanoparticle spectrum was fit using first coordinationshell atomic pathways. A fitting range from 1.5 to 4 Å and a k-range from 2 to 12 Å -1 was used. The R-factor parameter associated with the goodness of fit for this model was 0.027. Au-Au (shell 1) 11.8 ± 2.4 2.861 ± 0.009 4.7 ± 1.1 7.6 ± 1.4
Figure S12.20 Au L3 edge EXAFS spectrum and fitting model for Au-overgrown nanorods. The Au L3-edge nanoparticle spectrum was fit using first coordination-shell atomic pathways. A fitting range from 1.5 to 4 Å and a k-range from 2 to 12 Å -1 was used. The R-factor parameter associated with the goodness of fit for this model was 0.091. Figure S13 : EDX survey spectrum sum for nanorod area highlighted in Figure 6 . From the EDX spectrum, we observe that while the Ag Lα signal is lower than for the case of Au (as is expected given the high Au vs. Ag content of the nanorods), there is still a signal for Ag that is above background. In comparison, the Fe Kα signal is indistinguishable from the background. The overall low Ag signal level may contribute to the lack of determination of whether Ag is concentrated on sides of the nanorods in comparison to the tips. If we assume that the limiting reagent in the reaction is ascorbic acid (such that at reaction completion (120 minutes) all ascorbic acid has been depleted and that each ascorbic acid molecule is able to reduce two Au + or Ag + ions (1:1 electron correlation), then the ascorbic acid concentration in solution as a function of reaction time can be calculated. When plotted along with length and width growth rates, it appears that the length growth rate may also show some correlation with ascorbic acid concentration. This can also be explained, however, by the direct relationship between the nanorod volume and ascorbic acid depletion, since larger growth rates are correlated with increasing nanorod volume and therefore increasing ascorbic acid depletion. If differences in reduction potential for Ag + occur as a function of ascorbic acid concentration, however, this may play a role in why the surface coverage is altered as a function of reaction time.
